Radionuclide angiocardiography can provide accurate estimates of ventricular ejection fraction but problems with edge definition make wall motion studies less reliable. The purpose of this study is to evaluate a nuclear technique which can detect regional ventricular abnormalities but which does not involve wall motion assessment. The phase image is an image of the intracardiac blood pool. It is produced by analysis of activity time curves from individual display elements during blood pool scintigraphy. Display elements within the cardiac outline show phasic fluctuations in activity with each heart beat, the timing of these fluctuations being different in different chambers. To produce the phase image each display element is colour coded according to the timing of these fluctuations relative to the R wave of the electrocardiogram. Thus, regions that are in phase are shown in the same colour. Regions that are out of phase are shown in different colours. Not only are atria distinguished from ventricles but also within the ventricles regions with delayed or paradoxical emptying are identified.
Subjects and methods
Seventy subjects with suspected coronary artery disease were studied by radionuclide angiocardiography. Ages ranged between 28 and 74 (mean Received for publication 20 January 1981 53). Sixty-one were men. Sixty also underwent cardiac catheterisation. RADIONUCLIDE 
STUDIES
In vivo erythrocyte labelling was achieved by sequential intravenous administration of 5 mg stannous pyrophosphate and 20 mCi99 technetium pertechnetate. After equilibration a General Electric IGE 400T wide field of view gamma camera, fitted with a high sensitivity parallel hole collimator and positioned in the left anterior oblique projection was used to accumulate 2 million counts per study.
Electrocardiographic gating was used to identify individual cardiac cycles. Data were stored on disc and analysed using the standard software of an Informatek Simis 3 computer system. A 16 frame representative cine cycle was produced and used as the basis for further analysis. Thus for each display element a 16 point activity time curve was produced by plotting activity for that element for each image in the representative cycle. For each of these curves phase was calculated, being defined as the angle whose tangent is given by the ratio of the amplitudes of the sine and cosine waves of the fundamental frequency of the Fourier transform.' To produce the phase image each display element was colour coded according to its phase using a 64 element colour scale. Four regions were routinely outlined on the phase image-the whole left ventricle and three segments of it, lateral, septal, and inferior (as shown in Fig. 1) . 245
Walton, Yiannikas, jamrtt, Brown, Swanton, Ell Mean phase was calculated for each segment. Using those subjects who turned out to be normal, the normal phase values were established for each segment. Subsequently, values differing from the mean by more than two standard deviations were considered abnormal.
Left ventricular ejection fraction was calculated from activity changes within the left ventricular region of interest. In some subjects with segments showing a very high phase, and therefore suggesting left ventricular aneurysm, ejection fraction was also calculated from a region of interest over the left ventricle but excluding the high phase region-the contractile segment ejection fraction.
Fifteen subjects underwent consecutive radionuclide studies at rest to establish the reproducibility of the technique. They were a heterogeneous group with a wide range of ejection fraction values (10 to 51, mean 38%). Three subjects had studies before and within one month after left ventricular aneurysmectomy. CARDIAC 
CATHETERISATION
Coronary arteriography was performed in at least three views by either the Sones or Judkins techniques. Left ventricular angiography was performed in the 300 right anterior oblique projection. Angiograms were analysed subjectively and by superimposition of end-systolic and end-diastolic outlines. Wall motion was classified as normal, local hypokinesis or akinesis, extensive akinesis, or aneurysm.
Largely on the basis of catheterisation findings the subjects were divided into three groups The results of phase analysis were assessed in the light of catheterisation findings.
Results
Background corrected, end-diastolic left ventricular counts were between 9000 and 31 000 (mean 16 500). Fig. 1 shows a normal phase image and Fig. 2 one from a subject with total occlusion of the left anterior descending coronary artery. In both, the ventricles are clearly distinguished from the atria. In Fig. 2 , however, there is a progressive increase in phase across the left ventricle from laterally to medially, with some septal regions being in phase with the atria. (mean 51)%. All nine subjects who underwent catheterisation had normal ventriculograms. Phase, ejection fraction, and ventriculographic results for the group 2 and 3 subjects are summarised in Table 2 and 3, respectively. Eight group 2 subjects had either a low ejection-fraction or an abnormal ventriculogram or both. In group 3 there was a wide range of ejection fraction values andwventriculographic findings.
Considering groups 2 and 3 together, 19 subjects had normal radiographic ventriculograms. Six of these had high phase values (178 to 199, mean 1890). The ejection fractions of the 19 were between 36 and 68 (mean 48)%.
Eight subjects had localised hypokinesis and three of these had abnormal phase values (186°, 183°, and 2020). Ejection fractions of the eight ranged between 37 and 59 (mean 48)%.
Of 10 subjects with localised akinesis, none had a normal phase image. Nine had abnormal mean segmental phase values (179 to 235, mean 2020). One subject had a region of high phase which was too small to affect mean segmental values. Ejection fractions were between 17 and 40 (mean 3 1)%.
Fourteen subjects had extensive areas of akinesis or aneurysms. All had at least one segment of abnormally high phase (193 to 280, mean 2210). Ejection fractions were between 10 and 36 (mean 22)%.
Pre-and postoperative results in the three subjects who underwent aneurysmectomy are shown in Table  4 .
In the 15 subjects who had two nuclear studies the This study compares phase analysis with the extent of coronary disease, left ventricular ejection fraction, and contrast ventriculography. Of these the last Of the 14 subjects with extensive akinetic or aneurysmal regions on the ventriculogram, only two did not have a mean segmental phase value in excess of 2200. Even in these two, high phase regions within the ventricle were obvious but they were too small to affect the mean segmental value. Conversely, phase values above 220°were confined to the extensive akinesis or aneurysm group with one exception-a subject with a localised area of akinesis and an ejection fraction of 24%. In some subjects very high phase values of 250 to 2800 were found. Again, these figures being mean segmental values underestimate peak phase.
Traditionally, the clinical diagnosis and assessment of ventricular aneurysm have been made from the ventriculogram. The distinction between paradoxical and normally contracting segments is, however, by no means straightforward. The degree of paradoxical wall motion is usually small and, even on good quality angiograms, there is a certain amount of inaccuracy in edge definition. Methods using fixed external reference systems fail to correct for cardiac movement, and methods which do attempt to correct for this may introduce errors of their own. Thus, current techniques are hardly ideal. They are even less well suited for functional assessment of aneurysmal regions.
The nuclear determination of ejection fraction depends only on count rate changes within a region of interest and makes no assumptions about the shape of the ventricle. It is a simple matter to assign a region of interest to the left ventricular phase image which excludes any region of high phase (and therefore a possible aneurysm) and thereby determine contractile segment ejection fraction. This variable, which has been shown to be the strongest predictor of survival after aneurysmectomy,7'10 can therefore be determined without any of the geometrical assumptions inherent in previous methods.7 '13 Because there is a continuous distribution of phase a value has to be chosen above which display elements are excluded as aneurysm and below which they are included as contractile segment. Fig. 3 and 4 illustrate the problem. In both there is an area of high phase representing an aneurysm. In Fig. 3 the remaining ventricle is low phase and obviously represents the contractile segment. In Fig. 4 the low phase region is small and there is a large area of intermediate phase.
For determination of contractile segment ejection fraction we arbitrarily chose 240°as the distinction between aneurysm and contractile segment as this was simple to detect on the phase image (red) and only found in those subjects with radiographic extensive akinesis or aneurysm. Using this technique in three subjects there was a good agreement between preoperative contractile segment ejection fraction and postoperative left ventricular ejection fraction. In addition there was a pronounced improvement in the phase images of these subjects which is underestimated by the mean segmental phase values. In each case a region of high phase present preoperatively was not present postoperatively. Fig. 5 and 6 show volume curves from the contractile and aneurysmal segments of Fig. 3 and 4 , respectively. As tracer concentration must be the same in both regions at equilibrium, the ratio of their peak activities reflects the ratio of their volumes. Thus, we cannot only predict postoperative left ventricular ejection fraction but we can also estimate the volume of the aneurysm. Thus, subjects with aneurysms on the phase image fall into three groups, those with large aneurysms and low contractile segment ejection fractions (37, 40, 46, 60), those with 59061- Fig. 6 Volume curves from the contractile segment-(CS) and aneurysm (AN) ofthe patient whose phase image is shown in Fig. 4 The reproducibility of our present technique is good, with a mean difference of 6% between estimated mean segmental phase values in sequential studies. This could probably be further improved by prolongation of data accumulation time, which in this study was relatively short (60 to 90 seconds). This was done because we felt the need to develop a technique that could easily be extended to exercise studies that require high temporal resolution to detect short lived abnormalities. For routine rest studies end-diastolic intraventricular counts could easily be doubled.
On several occasions the use of mean segmental phase values obscured the magnitude of the peak phase delay. This was obvious on inspection of the phase image but, if necessary, the problem could easily be overcome by the use of a greater number of smaller segments. 
Conclusion

